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ENTROPY OF CARTILAGE T2 MAPS IN PATIENTS WITH
OSTEOARTHRITIS
G. Blumenkrantz, R. Stahl, J. Carballido-Gamio, T.M. Link,
S. Majumdar
Department of Radiology, University of California, San
Francisco, San Francisco, CA
Purpose: T2 magnetic resonance (MR) relaxation time is el-
evated in osteoarthritis (OA) subjects as compared to healthy
subjects, and there are spatial variations in T2 values from the
radial zone to the articular cartilage surface. Texture analysis can
be used to examine the spatial distribution of cartilage T2 values.
Texture analysis supplements standard measures of cartilage T2
(such as mean and standard deviation), by providing information
on the variation between neighboring cartilage T2 pixels. The
purpose of this study is to examine the spatial heterogeneity of
cartilage T2 in OA patients and healthy subjects (controls) using
second order texture measures.
Methods: MR imaging was performed at 3 T on 9 female OA
patients (Kellgren Lawrence grade 2-3, BMI > 30) and 10 age-
matched female controls (Kellgren Lawrence grade 0, BMI < 30).
High-resolution, fat-suppressed, 3D SPGR sagittal MR images
(TE = 7.5 ms, TR = 20 ms, resolution = .29 x .29 x 1.5 mm3,
FOV = 15 cm) were acquired for assessing cartilage morphology,
and 2D dual echo FSE sagittal images (TE1/TE2 = 8.5/34.1 ms,
TR = 3600 ms, resolution = .62 x .62 x 3 mm3, FOV = 16
cm) were acquired for measuring cartilage T2 relaxation time.
Articular cartilage was segmented from the SPGR images using
a spline-based, semi-automatic technique and was defined in
five distinct regions: medial and lateral tibia, and medial and
lateral femur, and trochlea. The segmented regions of interest
were superimposed on the T2 maps. A grey level co-occurrence
matrix was defined for each cartilage region and used for texture
analysis. Second order texture measures including entropy and
angular second moment (ASM), were calculated at 0 degrees
(corresponding to the anterior-posterior axis) and at 90 degrees
(corresponding to the superior-inferior axis), with pixel offsets
ranging from 1-3 pixels. Differences in texture measures between
the OA and controls were assessed by Student’s t tests.
Results: OA subjects had greater entropy and lower ASM of
cartilage T2 than controls at 0 degrees (approximately parallel
to the cartilage surface) and at 90 degrees (approximately per-
pendicular to the cartilage surface) in all compartments except
the lateral tibia. Entropy (0 degrees, 1-3 pixel offsets) of lateral
femoral cartilage T2 was significantly (p < 0.05) different be-
tween controls and OA subjects (Fig. 1). In OA subjects, entropy
Fig. 1. Significantly (p < 0.05) greater entropy of lateral femoral cartilage T@ in
OA subjects compared to controls. The error bars represent standard deviation.
was greatest in the medial femur at 0 degrees, and greatest in
the trochlea at 90 degrees.
Conclusions: The results of this study indicate that the texture
measure entropy of cartilage T2 maps is greater in OA subjects
than in controls in all compartments except the lateral tibia. The
mean T2 value in the OA group was greater than that in the con-
trol group in all compartments. These results demonstrate that
T2 values in OA cartilage are elevated and more heterogeneous
than those in healthy cartilage. The differences in entropy and
ASM between compartments are being investigated using ad-
ditional texture analysis techniques. These results demonstrate
that second order texture measures may aid in the detection
of early OA and provide additional characterization of cartilage
degenerative changes to mean estimates of T2.
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Purpose: There is increasing evidence that malalignment of
the knee predicts cartilage loss in knee OA. However, little is
known about the rate and type of cartilage loss in varus- and
valgus deformity. We therefore examined the decrease in carti-
lage volume, the increase in denuded area, and the reduction
in cartilage thickness in OA knees over 2 years, using mag-
netic resonance imaging, according to their direction of malalign-
ment.
Methods: A community-recruited cohort (n = 86) with mild to
moderate radiographic knee OA (KLG 2-3; age 72 ± 9 years
[mean ± SD]; BMI 29.9 ± 5.5; 62 [= 72%] women, 24 men) had
alignment measurement by full limb x-ray. 38 participants had
neutral alignment (-2° to +2° deviation from the biomechanical
axis of 0°), 28 varus OA (> +2°), and 20 valgus OA (< -2°). A
coronal FLASHwe sequence (1.5 x 0.31 x 0.31 mm3 resolution)
was acquired at baseline and approximately 2 years later. Seg-
mentation was performed by tracing the total subchondral bone
(tAB) and cartilage surface area (AC) throughout both tibiae
and central (weight-bearing) femoral condyles. Where denuded
areas were observed, the cartilaginous subchondral bone area
(cAB) and denuded area (dAB) were separated. Baseline and
follow up scans were processed in parallel with blinding to ac-
quisition order. All segmentations were quality controlled by one
reader. Cartilage volume (VC), tAB, cAB, dAB, and the average
thickness of the cAB (ThCcAB) were quantified using proprietary
software (Chondrometrics, Ainring, Germany).
Results: In knees with neutral alignment, the magnitude of
change in cartilage volume was relatively small medially (-1.4%
± 3.6%per annum, p< 0.05) and laterally (-1.1% ± 4.8%, not
significant). The reduction in ThCcAB was significant in both
compartments (p < 0.05), but not the increase in denuded area.
In varus OA, change in cartilage volume per annum was greater
medially (-3.1 ± 4.0% [mean ±SD], p < 0.01) than laterally (-0.3
± 1.5% n.s.), with the increase in denuded area being equally
important (+2.1 ± 3.5%; p < 0.05) medially as a reduction in
thickness (-1.4 ± 2.1%; p < 0.05). In valgus OA, change in vol-
ume was greater laterally (-2.9 ± 4.3%; p < 0.05) than medially
(-0.1 ± 2.2%), with the increase in denuded area (+2.5 ± 4.0%,
p < 0.05) being higher laterally than a reduction in thickness
(-0.9 ± 2.9%; n.s.). The correlation between malalignment and
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cartilage volume loss was stronger for the tibiae than for the
femoral cartilages.
Conclusions: We find greater progression of cartilage loss in the
mechanically stressed compartment of varus and valgus knees
than in the non-stressed compartment and than in knees with
neutral alignment. Progression in persons with neutral alignment
appears to be predominantly characterized by a reduction in car-
tilage thickness (rather than by reduction in cartilaginous area).
An increase in denuded area, however, appears to be an impor-
tant contributor to cartilage loss in the stressed compartments of
persons with valgus and varus OA.
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Purpose: Changes in bone occur during early osteoarthritis
(OA). Through analysis of X-ray images of trabecular bone (TB),
a method for detection of early OA and monitoring of OA progress
in knee joints may be developed. Early detection of trabecular
bone changes may also be helpful in assessing the role of such
changes in initiating OA and in disease progression.
Methods: We used a matched case-control study design. Plain
standardized anteroposterior knee radiographs were taken in
the semiflexed weight-bearing position. Case knees (n=26) were
from 26 subjects (7 women) with prior medial meniscectomy
and radiographic OA Kellgren & Lawrence grade 2 or worse in
the medial femorotibial compartment. This grade was given if
one of three criteria was met: a grade 1 joint space narrowing
(JSN) plus a grade 1 osteophyte, JSN grade ≥ 2 or a sum of
marginal osteophyte grades ≥ 2. Each case knee was individually
matched by sex, age, BMI and medial or lateral compartment
with a control knee from 26 volunteers who did not have any
previous knee surgery, meniscal or cruciate ligament injury, and
no signs of radiographic OA (JSN = 0 and sum of marginal
osteophyte grades = 0 in the tibiofemoral joint). Comparisons
between cases and controls were made with paired t-test.
Radiographs were digitized and 256 by 256 pixel (12 mm by
12 mm) TB regions of interest (ROI) were manually selected in
the tibia immediately under the medial and lateral cortical plates.
The horizontal distance of the ROI from the tibial border was
set to about 1/4 of the compartment width measured from the
outer tibial border to a vertical line drawn from the medial or
lateral tibial spine. This was to avoid the periarticular osteopenia
adjacent to marginal osteophytes, and the fibula. A modified
Hurst orientation transform (HOT) method and a modified fractal
signature analysis (FSA) were used to calculate fractal dimension
and texture aspect ratio. The fractal dimension measures the
complexity of bone texture and the aspect determines a degree
of the texture anisotropy.
Results: Compared with controls, TB texture in the medial tibial
condyle of OA knees showed significantly (P < 0.01) lower mean
values of fractal dimensions calculated in all directions (MEAN),
and calculated in the vertical (VD) and horizontal (HD) directions
at trabecular sizes 0.2-1.1mm (Fig. 1). The anisotropy of bone
texture was significantly higher in the OA knees than in controls
(P < 0.05). Similar significant differences were found for the
lateral tibial condyle, with the exception of texture anisotropy.
Conclusions: The significantly lower fractal dimension in OA
knees can be explained by thickening of the coarse horizontal
bone trabeculae and a reduction in trabecular number (merging
Fig. 1. Plots of bone texture aspect ratios calculated by the HOT method and
of fractal dimensions calculated by HOT and FSA methods for the medial tibial
condyle of control and OA knees. Boxes include 25th - 75th percentiles with
median line, whiskers 10th and 90th percentiles, symbols are outliers.
of adjacent trabeculae). This implies that OA TB exhibits a lower
complexity compared with controls. The increase in anisotropy
of OA TB could be associated with an increase in both the
connectivity of vertical trabeculae and the thickness of horizontal
trabeculae of OA joints. These changes in bone structure may
be caused by changes in loading of the OA joint. They may also
be associated with changes in biomechanical properties of the
bone. We aim to further characterize these changes and their
importance in OA initiation and development.
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Purpose: Quantitative analysis of cartilage morphology from
magnetic resonance imaging (MRI) is a promising tool for the
development of disease modifying OA drugs. Analysis has so
far focussed on entire cartilage plates, although it is likely that
cartilage loss affects certain subregions of these plates more
strongly than others. Here we propose an algorithm for the
reproducible subdivision of tibial and femoral cartilage plates
